). this striking preference for the dorsal margin over the Adjacent sections were overlaid in the presence of the ventral is unknown. In this study, we report that a irreversible thrombin inhibitor PPACK, which alkylates critical early event after lentectomy in the newt is the the histidine residue of the catalytic center [17], and transient and selective activation of thrombin at the showed no significant signal ( Figure 1B) . The activity at dorsal margin. The thrombin activity was blocked with the dorsal margin was not detectable at 1 min after two different irreversible inhibitors and was shown to lentectomy ( Figures 1C and 1G ), but it was present at be strictly required for cell cycle reentry at this loca-20 and 30 min ( Figures 1D and 1H ) and was comparable tion. The axolotl, a related urodele species, can regenup to 4 days ( Figures 1A, 1E, 1I, 1F , and 1J). It was erate its limb, but not its lens, and thrombin is activated diminished at 5 days ( Figures 1K and 1M) , was at the in the former context, but not the latter. Our results limit of detection by 7 days, and, at 15 days, when the indicate that selective activation of thrombin is the new lens was clearly visible (Figures 1L and 1N) , there pivotal signal linking tissue injury to the initiation of was no detectable activity. Thrombin thus appears in a vertebrate regeneration. location, and with a time course, that is consistent with a role in the initiation of lens regeneration.
day 5. The PPACK injections led to an absence of thromextensive inhibition of the extent and time course of lens regeneration observed after 1 month (data not shown). bin activity on the dorsal margin, as determined by the overlay assay. The iris was removed at day 6, was anaIn order to inhibit thrombin activity by a different mechanism, we have injected the protein Antithrombin lyzed as a whole mount, and was stained with antibody to BrdU to detect nuclei that had entered S phase. After III (ATIII) after lentectomy. ATIII is a physiological inhibitor of thrombin that acts by forming a covalent complex injection of vehicle, the whole mounts showed the expected labeling of the dorsal cohort of PEC (Figures 2A with the critical serine residue at the active center [19] . The injection of ATIII also led to effective inhibition of and 2B); however, after PPACK injection, there was little or no cell labeling in this location ( Figures 2C and 2D) .
S phase reentry relative to vehicle-or serum albumininjected controls ( Figure 3B ). We conclude from the acThe total number of labeled cells on the dorsal and ventral margins is indicated for the control and PPACKtivity of the two inhibitors that thrombin activation on the dorsal iris is essential for S phase reentry in this injected groups in Figure 3A , showing that this treatment led to a Ͼ90% inhibition of reentry. This in turn led to location after lentectomy. Figures 4C and 4D) . vessels at this location, the precursor prothrombin could We hypothesize that, although it is closely related to the be released from a non-iris source before its activation newts, the axolotl cannot regenerate its lens because on the dorsal iris. The lens is attached to the ciliary it has lost the ability to activate thrombin on the dorsal body through elastic fibers [20], and it is plausible that margin. It may be possible in the future to engineer the ruptured vessels in this location, or conceivably the ciliselective appearance of thrombin at this location and ary muscle itself, may be the source; although, further hence to determine if this triggers regeneration.
work is required to test these possibilities. The activation of prothrombin after its release is known to depend on the expression of Tissue Factor (clotting factor III), which Discussion is the sole integral membrane protein among the clotting factors and nucleates the formation of complexes conOur experiments indicate that selective activation of thrombin is a critical signal that couples lentectomy to taining Factors Xa and Va, which activate prothrombin [18] ( Figure 5 and legend) . We therefore suggest that lens regeneration. After limb amputation, prothrombin is released from severed vessels and is activated the difference between dorsal and ventral iris cells in situ, and between the newt and axolotl iris, is in the local throughout the mesenchymal tissue at the end of the stump so as to trigger hemostasis and other events expression of Tissue Factor, which leads to the selective activation of prothrombin after lentectomy ( Figure 5) ; of wound healing. After lentectomy, we observe that thrombin is selectively activated on the dorsal margin this possibility can be addressed in future studies. 
